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PREFACE 
It has been two years since I started my study at the Vaasa University of Applied 
Sciences, Finland. During those years, I have achieved lots of useful knowledge 
such as designing, programming and testing software, or working with other peo-
ple in projects. Now, in the last period of my study, I can use the skills which I 
have been taught to work on this project as my thesis. 
This thesis is very interesting for me because I have learnt a lot of things after fin-
ishing it. This report is the final product of my thesis which I have been working 
on from August 2010 to November 2010. The project was appointed by Wärtsilä 
and took place in the Faculty of Technology of University of Vaasa. It was super-
vised by Prof. Petri Helo and Dr. Smail Menani. 
Its idea is to create a logistics tracking system which gives Wärtsilä employees an 
access to the management of logistic processes by using future IT solutions such 
as various real time tracking technologies. Of course, it would not be possible to 
implement such a huge system in just half a year. That is the reason why I would 
only build the base which can be built further. This basic framework is the touch 
screen operated data warehouse application, written in C# and XAML language, 
which makes it possible to control logistic processes in the same way of known 
programs, like Marine Traffic from http://www.marinetraffic.com/ais/ 
I can understand that the readers themselves wonder why I need to build another 
system instead of using the existing systems. The reason is very simple: they are 
not specific enough for the requirements and demands of Wärtsilä. Another reason 
is that it would be very expensive to purchase that kind of system and we need to 
pay for monthly service although they can be adjusted for our own purpose. 
Since the system was built from scratch, the project focuses mainly on the general 
design and the implementation of a basic working system, which then will be ex-
panded in future projects. Therefore, it would probably take a couple of years be-
fore the system is reaching a mature state, but the final result will be very reward-
ing. 
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ABBREVIATION 
LogTrack  Logistics Tracking System 
XAML  Extensible Application Markup Language 
IMO   International Maritime Organization 
MMSI   Maritime Mobile Service Identity 
AIS   Automatic Identification System  
NMEA  National Marine Electronics Association 
JSON   JavaScript Object Notation 
XML   Extensible Markup Language 
KML   Keyhole Markup Language 
GPS   Global Positioning System 
GPRS   General Packet Radio Service 
WPF   Windows Presentation Foundation 
VHF   Very High Frequency 
TCP/IP  Transmission Control Protocol and Internet Protocol 
SVN   Apache Subversion 
RFID   Radio Frequency Identification 
GTIN   Global Trade Item Number 
IT   Information Technology 
GUI   Graphical User Interface 
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1 INTRODUCTION 
This chapter will give some introduction about the project and its owner, Wärtsilä, 
what the situation of existing tracking systems is and why this project is needed. 
1.1 An introduction about Wärtsilä 
“Wärtsilä is a global leader in complete lifecycle power solutions for the marine 
and energy markets [1]”. By emphasizing technological innovation and total effi-
ciency, Wärtsilä maximizes the environmental and economic performance of its 
customers’ the vessels and power plants.” In 2009, Wärtsilä‘s net sales totaled 
EUR 5.3 billion with 18000 employees. The company has operations in 160 loca-
tions in 70 countries around the world in 2010. Their main products include ship 
power, power plants and services. 
1.1.1 Ship power 
Wärtsilä is the leader of ship power solutions including engines, generating sets, 
reduction gears, propulsion equipment, automation and power distribution sys-
tems as well as sealing solutions for the marine industry. Their customers are 
global or local companies within the merchant, offshore, cruise and ferry, navy 
and special vessel segments. They are in a strong position of a supplier of highly 
rated ship machinery and systems in all main marine segments. 
1.1.2 Power plants 
Wärtsilä is a leading supplier of flexible power plants for the decentralized power 
generation market. This company also offers solutions for power generation, in-
dustrial self-generation as well as for the oil and gas industry. 
1.1.3 Services 
Wärtsilä provides services to support its customers throughout the lifecycle of its 
installations by optimizing efficiency and performance. It also provides the broad-
est portfolio and best services in the industry for both ship power and power 
plants.  
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1.2 The situation of existing tracking systems 
It has been mentioned in the beginning of this section that Wärtsilä is a global 
company and it has a plenty of transportations which are done mostly by vessels. 
These vessels can be tracked by Marine Traffic based on the information which 
suppliers provide for such as IMO number, MMSI number or call sign. Nonethe-
less, the problem is that the location of vessels is the only information we can 
know from this system. 
In addition, there are several tracking systems available through GPS, GTIN [2], 
and RFID [3], Barcode etc; nonetheless, all these systems are not fully compatible 
for industry. “Most of the available tracking and tracing systems utilize proprie-
tary tracking numbers defined by the individual companies operating systems and 
are based on information architecture, where the tracking information is central-
ized to the provider of the tracking service” [4]. The contents within a box cannot 
be identified by existing tracking systems for example, if the box is open or the 
contents are lost or stolen etc. Moreover, they cannot sense the surrounding envi-
ronment and collect environmental data such as temperature, humidity, rust 
sources, vibration/shock etc. This information will help them prevent rust from 
engines. 
Without proper and suitable tracking and tracing system, efficient co-ordination of 
logistic flow would be difficult to acquire [5]. Through the implementation of this 
system, it is possible to detect and react to any uneven situations in the logistics 
chain and where needed significant problems can be resolved or at least the dam-
age can be minimized [6, 7]. However, why is this kind of tracking system need-
ed? This question will be answered in the next part. 
1.3 Statements of problem 
Tracking and tracing of shipments are considered highly important to manufactur-
ing firms in terms of customer service and essential for managing logistics net-
works efficiently. “Global industries are facing problems both from tracking and 
tracing in their logistics supply networks, which create huge coordination prob-
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lems in the overall product development sites [4]”. This problem looses the track 
among production, delivery and distribution in the complete logistics chain from 
source to destination, which is responsible for opportunity cost through custom-
ers’ dissatisfaction. Tracking system helps to identify the position of the shipment 
and informs the customer well in advance. Without tracking system it is almost 
impossible to find out delivered items and these items are often considered to be 
lost or stolen, which causes business loss [8, 9]. In fact, many projects have been 
in threat of cancellation because of delayed packages or lost packages. And it, in 
the end, would result in lost revenue, lost business or further damage to compa-
ny’s reputation. 
This system is designed to solve those problems. It was appointed by Wärtsilä and 
its idea is to trace packages and projects around the world through GPS/GPRS de-
vices and central stations. By integrating between AIS and GPS/GPRS system and 
using new features of XAML and Google Earth, the application gives access to 
packages which are shipped from countries to countries, tracks them, manages 
them and maintains them. 
1.4 Scope and limitation 
This project provides a possible solution to track packages and maintain them. By 
analyzing, updating and showing data received from GPS/GPRS devices on 
Graphical User Interface (GUI), the current situation of packages and projects can 
be known. The implementation of the program that is directed by those purposes 
will be discussed, described and analyzed. This application will only focus on AIS 
and GPS/GPRS tracking system. Other tracking systems will be ignored. Moreo-
ver, the reasons of using XAML, Google Earth and touch screen PCs will be ex-
plained in the scope of this thesis.  
However, like other tracking systems, it also has its own limitations. Battery prob-
lem is one of the limitations of GPS/GPRS devices. This application provides 
some possible approaches which are used to optimize this problem. But to provide 
a complete solution for this battery problem is out of scope of this project. In addi-
tion, this application supports only some of specific protocols such as “AIVDM” 
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protocol (raw AIS data) or “AND_UPDT” protocol (which is defined in this pro-
ject, using for Android phones). Other protocols will not be accepted.   
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2 THE STARTING POINT 
This chapter will describe the situation as it was before starting the project and 
technologies used in this project. 
2.1 Description of the situation 
As mentioned in the beginning of chapter 1, Wärtsilä is a global manufacturer and 
it has lots of transportations, as illustrated in figure 1. 
 
 
Figure 1. Global delivery network. [28] 
All the shipments are usually shipped to the consolidation port. If the shipments 
are located in Europe, they will be generally shipped to Hamburg, Germany. After 
that, they will be stored in the warehouse until all shipments come. Then, they 
will be assembled here and delivered to customer (usually shipyard). 
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2.1.1 The current system (Marine Traffic system) 
Marine Traffic system is based on UAIS, known as AIS, which is a civilian in-
formation system that makes it possible to exchange data between ships and land 
based stations [10]. The system has been introduced by the International Maritime 
Organization (IMO) and it is basically an anti-collision system for vessels at sea. 
The system is also largely suitable for monitoring the ship traffic in coastal areas. 
A ship equipped with AIS transponder transmits information, including ship’s 
name, position, course, speed, draft, type of vessel etc, via radio communication 
to other ships equipped with AIS as well as land based AIS stations. The land 
based stations can send short messages to AIS equipped vessels within in a given 
area, thus providing marine traffic with important traffic and safety related data. 
Marine Traffic uses this information to plot the real time position of marine ves-
sels on Google Map. From this system, we can know the real time position of all 
marine vessels in the coverage map because The International Maritime Organiza-
tion required all vessels over 299GT to carry an AIS transponder class A on 
board. The vessel‘s position is shown on map in shape of boat with color. There 
are many types of vessel and each of them has its own color. Clicking on these 
tags will display the information of vessel, its current destination and the route 
which it has moved. 
This system is being expanded all the time because anyone can install an AIS re-
ceiver, a VHF antenna and share the data receiving from AIS transponders. How-
ever, there are still some problems with this system. From the specification of this 
system, it is clear to see that it does track only vessels and we cannot collect envi-
ronmental data from this system. Therefore, they need another solution for their 
production logistic network because they want to track packages/projects all the 
time and all the way.  
Figure 2 shows the coverage map of Marine Traffic system until now and figure 3 
displays the main page from http://www.marinetraffic.com/ais. 
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Figure 2. The coverage map of Marine Traffic. [10] 
 
Figure 3. Marine Traffic main page. [10] 
2.1.2 The desired system 
Project’s target is to integrate this LogTrack system with the existing Marine Traf-
fic system. In addition, there will be other requirements and specifications for the 
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desired system because project’s objective is to create a future model which is 
able to manage the Wärtsilä production network logistic systems by using future 
information technology system solutions as a formidable tool by building a prag-
matic feasibility study and then following through as such. It should be possible to 
track shipments all the time and all the way from factories, suppliers through con-
solidation points and then, finally delivery to customer, even when the packages 
are on land or at sea. The system must ensure that shipments could be tracked in 
real time and tracking data is easily accessible. The tracking route of desired sys-
tem is shown in figure 4. 
 
Figure 4. Tracking route for the desired system. [30] 
Red arrows in the diagram illustration denote shipment / transport 
routes that could be tracked for information. 
Moreover, the system must be capable of collecting data on humidity, tempera-
ture, rust sources and vibration/shock and the battery life for GPS tracking devices 
should last more than 2 weeks because it is the minimum time for the whole 
transportation. 
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2.2 Description of technologies used in this project 
This section will give a short description about technologies used in this project 
and how to take advantages of them. 
2.2.1 Global Positioning System 
Global Positioning System (GPS) is a global navigation satellite system which 
provides location and time information of any objects which implement GPS 
technology at all time and anywhere on the earth. This new technology has been 
established in the end of 20th century and brought back many benefits, especially 
in tracking solutions. Nowadays, there are more and more devices which support 
GPS technology such as GPS navigation softwares which use some algorithms to 
calculate direction or route from point A to point B and draw it on a real-time 
map. TomTom Navigator is an example in this case. It is quite popular and is used 
in most of car navigation systems. 
However, similarly to other tracking systems, GPS tracking systems still have 
some limitations. Although it is very accurate in tracking objects, the startup per-
formance of a GPS satellite-based positioning system is quite slow and the signal 
is sometimes unstable, especially in very poor signal conditions such as in the bad 
weather condition or in the middle of city where the GPS signal is blocked by 
high buildings or weakened by passing walls and trees. Due to these disad-
vantages, the US accelerated the development of new system, Assisted GPS. As-
sisted GPS (A-GPS) is an extended GPS system. It is used extensively in cellular 
phones to help to improve startup performance of GPS system by using data 
available from a network. Therefore, in this application, A-GPS was used because 
of its more compelling characteristics. 
2.2.2 Automatic Identification System 
According to Wikipedia, Automatic Identification System (AIS) is an automatic 
tracking system used on ships and Vessel Traffic Services (VTS) to identify and 
locate vessels by exchanging data with nearby vessels and VTS station. It uses 
VHF (very high frequency) to transmit and receive data.  
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Information provided by AIS equipment, such as name of vessel, its position, 
speed, heading degree, course, IMO (International Marine Organization) num-
ber…, can be displayed on screen. This information is used in collision avoidance, 
aids to navigation, search and secure. The basic idea of AIS systems is very sim-
ple. It uses AIS receivers to transmit data receiving from AIS transmitters to cen-
tral server. By analyzing data received from AIS transmitters and receivers, we 
can know where our packages are. This process has been completely implemented 
with help from http://aprs.fi. 
2.2.3 Extensible Application Markup Language 
Extensible Application Markup Language (XAML) is a declarative markup lan-
guage which was developed by Microsoft and used extensively in .NET Frame-
work 3.0, 3.5 and 4.0. In Window Presentation Foundation (WPF), it is used as a 
user interface language to define UI elements, data bindings, and other features. It 
is separated with run-time logic by code behind files. In other words, when devel-
oping in .NET Framework, it is possible to create visible UI elements in XMAL 
mark up files at first, and then apply logic later. 
Cool features of XAML language have been used to develop this application. The 
target operating system was Windows 7 and the target hardware was touch screen 
PCs. These new features will help increase visual effect in creating an interactive 
multi-touch application. 
2.2.4 Google Earth Plug-in and KML 
Google Earth is a free service and available for any applications or web sites 
which are free to consumers. It is a powerful feature which helps embed a true 3D 
globe into our application and supported by Google. In addition, its API is easy to 
use and supports KML language. 
KML is an open-standard markup language for the display of geographic data in 
geo-browsers. Google Earth can import KML in different ways to draw lines, 
place marks, 2D/3D objects or display features, views or tours. There are many 
web sites which provide KML library to help developers develop their application 
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using Google Earth feature. However, in this application, I implemented a new 
KML class which is used only for this touch screen operated data warehouse ap-
plication. The purpose of this KML class is to translate C# objects, structs and 
classes into KML string so that we could import them into Google Earth. More 
detail about this class will be described in section 6.3.5 and Appendix D. 
2.2.5 Android Operating System 
Android is a mobile phone operating system built on the Linux kernel. It was de-
veloped by Google and later positioned to Open Handset Alliance, an association 
of several companies. It is programmed in Java language and supported many 
third party libraries. By taking good points of this new operating system, I devel-
oped a new Android application. This application will be installed on an Android 
phone which is attached to each package as a client. This virtual client worked as 
a fully functional GPS/GPRS device, used in tracking, managing and maintaining 
packages. For example, it can send information including location, time, tempera-
ture, vibration, speed, and destination of transportation to the central station 
through cellular or WIFI network. At central station, the information will be pro-
cessed, updated and shown on user interface. 
2.2.6 Windows Presentation Foundation 
Generally, this project was written in WPF language. But why is this language 
used? At first, WPF is a powerful, easy to use programming language running on 
Windows operating system, which is supported by Microsoft. It is a graphical 
subsystem for rendering user interfaces in Windows-based applications [11]. WPF 
uses XAML, a declarative of XML, to define UI elements, data binding and 
events. The most important thing is that it is easy to render 3D objects in WPF, 
using Direct3D engine which is a part of Microsoft’s DirectX API, and interactive 
2D elements can be drawn on 3D surfaces. This will help to improve visual effect 
of the application. 
Moreover, our target hardware is multi-touch screen PCs and specific drivers are 
needed for this kind of new technology. Windows 7 Multi-Touch operating sys-
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tem including .NET Framework 4.0, which supports touch screen PCs running 
Windows operating system, has been released in beginning of this year, 2010. 
This feature meets our requirement and obviously, compared to other solutions, 
this definitely is the best one.  
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3 PROJECT DEVELOPMENT PROCESS 
The situation and the direction of this project have been clearly defined. Thus, it is 
time to give a description of what will be built in this project. 
As mentioned before, this thesis is merely a small part of the desired system de-
scribed in chapter 2.1.2. However, it still has its own objectives which need to be 
done during the processing of the project. This chapter will give a description 
about project development process, as illustrated in table 1. 
Task 
No. Description 
Pri-
ori-
ty 
1 
Fully implement the LogTrack application which is used to dis-
play visual data and process measurement and analysis of ecolog-
ical footprint of network logistics. 
1 
2 Conduct a feasibility analysis for real-time tracking technologies, to recognize potential partners in delivering IT-solutions. 2 
3 
Develop methods to analyze the ecological footprint of network 
logistics and manage logistic processes by using future IT-
solutions such as various real time tracking technologies. 
3 
4 Implement a basic framework for the central station .which is 
used to receive and process logistic data. 1 
5 Test the application as a complete system. 1 
Table 1. Quality Function Deployment (QFD) of the project. 
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3.1 4.1 Requirements and resources: 
In order to complete the project successfully, it is important to know what the re-
quirements of the project are and what kind of resources it can use. 
3.1.1 Requirements 
The purpose of using tracking devices is to avoid delayed and lost packages and 
prevent rust on main engines and generating sets. To reach this desired goal, they 
should be implemented with the following functionalities: 
• GPS and GPRS modules should be installed on trackers so that they can 
send information about location in real-time. 
• Temperature sensor, humidity sensor and acceleration sensor should be 
implemented on tracking devices to sense the surrounding environment. 
• The battery life for tracking devices should last at least 2 weeks 
• Magnetic sensor should be mounted on trackers in case if someone opens 
the box, it will send alarm to the central station. 
In addition, the server and the client also have their own requirements: 
• The server and application must be written in C#. 
• The application should use cool features of XAML language as much as 
possible. 
• It should have 3D zoomable map to display information of vessels and 
projects. 
• The server can handle multiple trackers at the same time. 
• Windows 7 multi-touch operating system should be used to create an in-
teractive application. 
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3.1.2 Resources 
During this thesis, the following software applications need to be installed in or-
der to work in a convenient way: 
• Microsoft Visual studio 2010 which is used to program C# and WPF lan-
guage. 
• MySQL database with MySQL Query Browser to access to the database. 
This database is used to store the information for the whole system. 
• An editor like Notepad++ to edit KML files and XML files. 
• A web browser, where I can store the HTML page which is used to display 
Google Earth plug-in. 
• Eclipse and Android IDE to program Android phones. 
• Arduino IDE to program Arduino micro-controller. 
• A terminal like TeraTerm software to configure Bluetooth module. 
• Windows 7 multi-touch operating system. 
The above list of software applications contains basic software applications which 
are used to program this system and to extend the project in the future. 
In addition, there are also software packages which make it easier to work on this 
project: 
• A version control system like SVN in order to maintain versions of the 
project files. 
• A hibernate core library like NHibernate in order to make connection be-
tween system and database. 
• .NET framework 4.0 in order to compile the software. 
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• A Bluetooth library such as Amarino to connect Arduino micro-controller 
and Android mobile phones. 
• MySQL connector for .NET environment. 
• WPFToolkit library in order to render 2D elements on 3D surface. 
Besides software, there are also necessary hardware components which are used 
in this project: 
• An Arduino micro-controller. 
• Temperature sensor and humidity sensor. 
• A Bluetooth module such as BlueSMiRF 2.0. 
• An Android phone with GPS and acceleration sensor such as HTC Leg-
end. 
• A touch screen computer with 22 inch screen. In case touch screen com-
puter is not available, a normal computer can be used because the applica-
tion works on both of them. 
3.2 Solution 
During the thesis there was only one major choice which had to be made between 
different solutions. This part will go through this choice and explain what its ben-
efits are and why it was chosen. 
The major choice which had to be made is the selection between normal 
GPS/GPRS devices and an Android phone. Should the Android phone be pro-
grammed as a GPS tracker or is buying a GPS/GPRS device better because they 
are available on the market and the prices are declining now? Obviously, building 
a new GPS/GPRS device from scratch will be better but it will be too much for 
only one person working on the project in 4 months. And of course, this system is 
about not only tracking devices but also a server and an interactive application. 
That is the reason why the Android phone was chosen because it is cheap, power-
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ful, programmable, full of functionalities, good battery and easy to integrate with 
a micro-controller for collecting environmental data. 
Figure 5 illustrates the basic structure of LogTrack system which I did come up 
after this selection: 
 
Figure 5. Basic structure of the LogTrack system. 
Basically, this project is divided into two separated parts: client and server. Each 
of them has its own functionalities. 
HTTP 
Request 
Celluar 
Network 
NHibernate 
NHibernate 
LogTrack Server 
(Written in C#) 
MySQL database 
LogTrack Client 
(Written in WPF 
and XAML) 
AIS system Android 
phones 
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The server was written in C# language and runs as a background service. It was 
connected to MySQL database using hibernate technology. Data received from 
Android phones and AIS system were processed by this server, and later saved 
into database.  
The client was written in WPF and XAML language. One of the good points of 
WPF is that it can be deployed as a standalone desktop program or hosted as an 
embedded application in a web site. To create an interactive multi-touch applica-
tion, cool features of XAML and Google Earth have been used. The client was 
also connected to MySQL database using hibernate technology. 
In addition, there are also Android phones. These Android devices communicate 
with the central station through cellular network such as 3G, EDGE or GPRS. It 
will periodically send data including GPS location, temperature, humidity, vibra-
tion, and speed … to this central station. This information is collected through a 
micro-controller by Bluetooth communication. 
3.3 Plan of action 
Here is the plan which was created in the beginning of the project: 
Date Action 
August 2010 
1. Investigate on GPS/GPRS devices on the market 
and Android phones. 
2. Define the requirements for the project based on the 
information received from Wärtsilä. 
3. Design and implement a framework based on the 
requirements mentioned above. 
September 2010 
1. Implement the application. Learning about WPF 
and XAML at the same time. 
October 2010 
1. Implement the Android phones and the server 
2. Investigate on Arduino micro-controller and Blue-
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tooth communication. 
3. Implement the Arduino micro-controller. 
November 2010 1. Test the system and prepare the documentation. 
 
In addition, it is essential to know the milestones of the project. The project mile-
stones which were established in the first meeting with Wärtsilä are described in 
table 2: 
 Date Project Milestones 
G1 01/09/2010 Project Planning 
G2 30/09/2010 Project Kick-Off 
G3 31/10/2011 Handover 
G4 31/12/2011 Project Closing 
G5 31/05/2012 Handover Implementation and Closing 
Table 2. Project milestones. 
3.4 The approach 
An essential subject of one project is to know how team members tackle the prob-
lems during that project. It is, of course, possible to jump into programming, but 
probably after few weeks, you are completely stuck. Hence, it is very important to 
know which software development methodology is used during the project devel-
opment process. 
During the time working at Wapice as a software developer, I did learn many 
software development methodologies. Each of them has its own advantage. How-
ever, spiral model has been used in this project because of its more compelling 
strengths. The spiral model is a software development process combining ele-
ments of both design and prototyping-in-stages, in an effort to combine ad-
28 
vantages of top-down and bottom-up concepts. Also known as the spiral lifecycle 
model (or spiral development), it is a systems development method (SDM) used 
in information technology (IT) [12]. The diagram of this model is illustrated in 
figure 6. 
 
Figure 6. Spiral model (Boehm, 1988). [12] 
In other words, it is the combination of many short cycles of designing, imple-
menting and testing. The project will be designed at the first stage and divided in-
to many small parts. Each part will be designed and implemented separately. Fi-
nally, it will be tested and if everything works properly, it will be integrated into 
the main application, where is will be tested again as a whole. In this way pro-
gramming errors are found quickly and it is easier to fix these errors because if 
you first build half of the application according to the design, everything seems to 
be alright, but when the testing fails, you have to investigate thousand lines of 
code to find such a small error that can be easily overlooked. 
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The steps in the spiral model iteration can be generalized as follows: [12] 
• The system requirements are defined in as much detail as possible.  
• A preliminary design is created for the whole system. This phase is the 
most important part of "Spiral Model". In this phase all possible (and 
available) alternatives, which can help develop a cost effective project are 
analyzed and strategies to use them are decided. This phase has been add-
ed specially in order to identify and resolve all the possible risks in the 
project development. If risks indicate any kind of ambiguity in require-
ments, prototyping may be used to proceed with the available data and find 
out possible solution in order to deal with the potential changes in the re-
quirements. 
• A first prototype of the system is constructed from the preliminary design. 
This is usually a scaled-down system, and represents an approximation of 
the characteristics of the final product. 
• A second prototype is evolved by a fourfold procedure: 
 Evaluating the first prototype in terms of its strengths, weaknesses, 
and risks. 
 Defining the requirements of the second prototype. 
 Planning and designing the second prototype. 
 Constructing and testing the second prototype. 
3.5 Conclusions 
Finally, after working on this project for 4 months, the following conclusions can 
be drawn: 
• During the project, I have learned a lot about programming in C# and 
Windows Presentation Foundation, especially using binding, dependency 
objects, database and socket programming. 
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• When it comes to project planning, I need more experience. It is very dif-
ficult to make a plan for a project, especially when building from a scratch. 
Lots of things need to be investigated and several choices have to be made. 
•   I need to learn a lot about electronics and embedded system, in this case 
the micro-controller and the Android phone. This was very nice experience 
for me because I am quite interested in hardware stuffs. I learnt the use of 
an Android phone as a tracking device and something I have never learnt 
before: communication between micro-controller and Android phone using 
Bluetooth technology. 
The meetings were held every week in Wärtsilä office to process the status of this 
project. I got many useful experiences from these kinds of meeting such as how to 
manage a big project, how to deal with business problems or how to solve prob-
lems logistically etc. 
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4 TECHNICAL ARCHITECTURE 
4.1 The database 
The database is a very important part of the Logistics Tracking system because all 
information used throughout the application is stored here. A detail description 
about the database and its tables is explained in appendix A. 
4.2 The architecture of the system 
4.2.1 About LogTrack system 
Name LogTrack comes from “Logistics Tracking System”. This system is consid-
ered as the link between the information systems and the physical reality (the ma-
terial flow) in the logistics network. Its main purpose is to track packages and 
store their information into database for maintaining purpose. It does not manage 
packages and projects by itself. Instead of that, it provides visual information and 
necessary data for users via integration systems. Users can use these data for other 
systems or just for their purpose. In addition, users can search projects and pack-
ages by many methods. These methods will be explained in detail in chapter 5. 
4.2.2 About process 
The whole process of LogTrack system is defined in detail in below sections, but 
just to give an idea, the process is explained here (figure 7): 
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Figure 7. The process of Logistics Tracking system. 
Data will be encoded by these services before sending to central station. At the 
central station, data will be decoded and save into database. The information of 
devices such as battery level, signal strength, status and so on… will be checked 
periodically and if something happens (low battery or loss signal), server will 
send notifications to services and client. On the client side, data will be retrieved 
from database and updated on GUI. The notifications will be shown on GUI if 
they are available. 
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4.2.3 LogTrack Integration Technology 
4.2.3.1 About AIS system 
AIS or Automatic Identification System is an automated tracking system used on 
ships and by Vessel Traffic Services (VTS) for identifying and locating Vessels 
by electronically exchanging data with other nearby ships and VTS stations. AIS 
information supplements marine radar, which continues to be the primary method 
of collision avoidance for water transport [13]. Information provided by AIS 
equipment, such as name of vessel, its position, speed, heading degree, course, 
IMO (International Marine Organization) number…, will be sent to AIS stations. 
From these data, we will know where our packages are. 
The following picture (figure 8) illustrates the basic structure of an AIS system: 
 
Figure 8. Basic structure of AIS system. [29] 
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4.2.3.2 How to integrate AIS into LogTrack system 
To build an AIS station, we need at least an AIS receiver, a VHF antenna and a 
computer with internet connection: 
 
Specific software (such as AIS Logger) needs to be installed on this computer to 
process AIS data which is received from AIS receiver and send it to a central 
server. This process is quite complicated and cost lots of money because we need 
many AIS stations to cover a big area. 
As a result, integrating the whole AIS system into this application is quite com-
plex and out of scope of this thesis. However, there is another solution and it is the 
API from http://aprs.fi. APRS or Automatic Package Reporting System is not a 
vehicle tracking system. It is a two-way tactical real-time digital communications 
system between all assets in a network sharing information about everything go-
ing on in the local area [14]. The system from this website has provided an API 
which allows developers to query aprs.fi database and retrieve AIS data from oth-
er existing AIS stations through HTTP protocol. Data is returned in either JSON 
or XML format (JSON has been used as a default format because of its smaller 
overhead when compared to XML). This API is used for only non-commercial 
purpose. 
4.2.3.3 Limitations of AIS stations and Solutions: 
Although AIS is very useful in navigation and tracking, it still has some limita-
tions such as range limitation. AIS transponders broadcast information, including 
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their position, speed, name of vessel, navigation status, at regular interval via 
VHF transmitters built in on ships. Those data can be displayed on the screen of 
AIS system of vessel or progressed in other ways by AIS station.  
However, VHF transmitters have their own limitation. VHF is the radio frequency 
with range from 30 to 300MHz. It is ideal for short distance terrestrial communi-
cation. VHF transmission range is a function of transmitter power, receiver sensi-
tivity and distance to the horizon [15]. But normally, VHF signals propagate un-
der normal conditions as a line-of-sight phenomenon: 
Distance in kilometers = SQUARE_ROOT (12.746 * Am), with Am is the height 
of antenna in meters. 
Assuming that our AIS station has a 50-m antenna, the line-of-sight range of our 
AIS receiver is approximately 25.245 km 
Nevertheless, by exchanging data between vessels and between AIS stations, we 
can expand the coverage area. 
4.2.4 Android phone as GPS/GPRS device  
Another issue concerning to the process of this LogTrack system is about com-
munication between Android devices and central station. Just like other 
GPS/GPRS devices, these Android phones will connect to central station through 
cellular network. TCP/IP protocol has been used in this communication because it 
is fast and easy to establish the connection. It is two way communication and used 
in most of client-server application. 
4.2.4.1 About Android phones 
Android phones have been growing quickly recently. It has a large community of 
developers writing application programs that extend functionality of devices. It is 
the second most popular mobile development environment [16]. The application 
programs are written in Java language and submitted on Android Market which is 
hosted by Google. Another feature is that most of android phones support GPS 
sensor. It helps us in developing a tracking application because if we attach this 
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mobile phone to packages, we will know where our packages are by retrieving 
GPS data. In addition, it is a low power consumption device. This feature is very 
important because GPS/GPRS devices generally drain energy very fast. 
Based on these advantages, an Android application has been developed. This ap-
plication was installed on an Android phone and runs as a background service. 
When it runs, it will send data including GPS location, temperature, vibration, 
speed and so on to the central station, using AND_UPDT protocol. The descrip-
tion of this protocol will be explained in detail on section 2.4.4. 
4.2.4.2 About Arduino micro-controller 
 
Figure 9. Arduino Duemilanove main board (from sparkfun.com). [27] 
Our purpose is not only to trace packages but also to manage and maintain them. 
Through Android phones, we will know where our packages are. But to manage 
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and maintain them, more information will be needed. This is the reason why an 
Arduino micro-controller was used in this system (figure 9).  
Arduino is a single board micro-controller. It is an open-source electronics proto-
typing platform based on flexible, easy-to-use hardware and software [17]. It can 
sense the environment by receiving inputs from a variety of sensors and send this 
information to an Android phone, using Bluetooth communication. Thereafter, 
this data will be sent to central station for processing. Following are some features 
of this new micro controller: 
• ATmega328 microcontroller 
• Input voltage - 7-12V 
• 14 Digital I/O Pins (6 PWM outputs) 
• 6 Analog Inputs 
• 32k Flash Memory 
• 16Mhz Clock Speed 
4.2.4.3 Communication between Android and Arduino 
Bluetooth is a wireless communication standard for exchanging data over short 
distance (10-100m). It is considered as an alternative of RS-232 data cable. It is 
primarily designed for low power consumption, short distance communication 
between fixed and mobile devices using frequency-hopping spread spectrum tech-
nology. It can connect up to 7 devices at one time in a mini network. Moreover, 
because devices are connected through a radio (broadcast) communication system, 
they do not have to be in the line of sight of each other and especially, it is consid-
ered as a low cost type of networking thanks to cheap price when attaching a 
Bluetooth module to a device (figure 10). 
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Figure 10. Bluetooth Module - BlueSMiRF Gold (from sparkfun.com). [27] 
More details about the configuration of this Bluetooth module will be explained in 
chapter 5.2.1. 
Figure 11 illustrates the architecture diagram of this system. 
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Figure 11. Architecture design of the system. 
 
Humidity Sensor Temperature Sensor 
Bluetooth 
Microcontrol-
AIS System 
Android Phone 
MySQL Database LogTrack Client 
LogTrack Server 
NHibernate 
HTTP 
Request 
TCP/IP 
40 
5 THE IMPLEMENTATION 
In this chapter, the application will be discussed: how it works and how it is im-
plemented. The discussion starts with a detailed description of LogTrack server: 
how does it work and how is it implemented? Then, the Android application and 
communication between Android and Arduino, which sends and receives messag-
es to and from LogTrack server, will be explained. Last but not least, the client, 
which is the main part of the application and is the closest to users, will be de-
scribed. 
5.1 The server 
The server object is used to start or stop the communication between tracking de-
vices and LogTrack system. In other words, it will process all information which 
is received from trackers and save them into MySQL database. This information 
will be used to display visual data in the client. 
Following is the class diagram of the LogTrack server (figure 12): 
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Figure 12. Class diagram of LogTrack server. 
The constructor of the LogTrackServer class creates all the components, including 
a new connection to MySQL database. Then, the window shown in figure 13 will 
be opened: 
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Figure 13. The GUI of LogTrack server. 
A new TcpListener object which connects to an IP address and a port number will 
be created. After calling “connect()” method on this TcpListener object, new con-
nection will be established and the server is ready to receive data from tracking 
devices. 
There are 3 types of message which the server can recognize. Each of them will 
be processed in a different way before saved into database. 
5.1.1 AIVDM protocol (used in AIS communication) 
A detailed explanation of this protocol can be found on appendix B. 
This protocol has been decoded by aprs.fi API (Application Programming Inter-
face). This API allows application developers to query the aprs.fi database from 
their own applications. In other words, it is possible to retrieve AIS data which 
have been decoded from this database. The implementation and usage of this API 
in the LogTrack application are described in next paragraphs. 
First of all, it is important to know what kind of data format this API returns. It 
returns data in either JSON or XML format. In my situation, I use JSON because 
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it has much smaller overhead when compared to XML. JSON (JavaScript Object 
Notation) is a lightweight data-interchange format. It is easy for humans to read 
and write. It is easy for machines to parse and generate. It is based on a subset of 
the JavaScript Programming Language, Standard ECMA-262 3rd Edition - De-
cember 1999. JSON is a text format that is completely language independent but 
uses conventions that are familiar to programmers of the C-family of languages, 
including C, C++, C#, Java, JavaScript, Perl, Python, and many others. These 
properties make JSON an ideal data-interchange language [18]. Figure 14 illus-
trates one example of JSON as an object: 
 
Figure 14. An object form of JSON. [18] 
There are many open source library for JSON in .NET environment. This applica-
tion used Json.NET library. It is a free open source library which makes working 
with JSON formatted data in .NET simple. Key features include a flexible JSON 
serializer to for quickly converting .NET classes to JSON and vice versa and 
LINQ to JSON for reading and writing JSON. 
Secondly, after knowing the structure of data, the AISObject class which inherited 
from CommonObject class was created by using this open source library. Class 
diagram and its relationship are shown in the following diagram (figure 15): 
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Figure 15. Class diagrams for AISObject and CommonObject class. 
Description of common fields in CommonObject class: 
• command - the API command which was called 
• what - what was being queried 
• result - the result of the query, either ok or fail 
• found - the number of entries returned 
Description of location record fields in AISObject class: 
• name - name of station, object, item or vessel 
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• type - type of target: a for AIS, l for APRS station, i for APRS item, o for 
APRS object, w for weather station 
• time - the time when the target first reported this (current) position (the 
time of arrival at current coordinates) (Timestamps are returned in the 
Unix time format) 
• lasttime - the time when the target last reported this (current) position 
• lat - latitude in decimal degrees, north is positive 
• lng - longitude in decimal degrees, east is positive 
• course - Course over ground / COG, in degrees 
• speed - Speed, in kilometers per hour 
• comment - APRS comment or AIS destination and estimated time of arri-
val 
• mmsi - AIS vessel MMSI number 
• navstat - AIS navigational status code 
• heading – Heading degree 
Then, the AIS data of shipments can be achieved in real time by using a WebCli-
ent object to download data from the following URL: 
"http://aprs.fi/api/get?name=" + ship.Code + "&what=loc&apikey=" + APIKEY 
+ "&format=json" 
A sample code to retrieve data from aprs.fi database is illustrated below: 
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5.1.2 AND_UPDT protocol (used in Android phones) 
To communicate between central station and Android devices, a new protocol 
called AND_UPDT was defined. This name comes from “Android Update” 
phrase. It is often or rarely sent to server based on the level of battery. For exam-
ple, in high level mode (battery level is more than 80%), data will be sent every 5 
or 10 minutes depending on moving distance. But if battery level is lower than 
30%, data will be sent every 45 minutes. 
Here is a sample of AND_UPDT protocol: 
#AND_UPDT:00000001;TM:2010-08-20 
23:01:00;V:04700,90;TEMP:00247;ACCEL:0000.200;SP:023.5;GPS:123.454000
00,062.00214500,000.00000000;HD:30.5?????????????????????? 
It is total of 168 bits and occupying in one sentence. 
Fields Description Unit 
AND_UPDT Device Id String, total of 8 bits 
TM Data time  
UTC, format “yyyy-mm-dd 
hh:MM:ss” 
V Battery level and voltage See below (1) 
TEMP Temperature See below (2) 
ACCEL Accelerometer See below (3) 
SP Speed Km/h, total of 5 bits 
GPS GPS location See below (4) 
HD Heading degree Degree 
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(1) (V:04700,90) the first part (before ‘,’ character) is value of battery level meas-
ured in V. It is given in 1*100 unit; divide by 100 to obtain the real value. The 
second part (after ‘,’) is percentage of battery level. Maximum value is 100% and 
minimum value is 0% 
(2) (TEMP:00247) The value is measured in degree Celsius and given in 1*10 
unit; divide by 10 to achieve the real value. 
(3) (ACCEL:0000.200) Value is measured in m/s2. It is the average value and 
measured in 3 directions: X, Y and Z 
(4) (GPS:123.45400000,062.00214500,000.00000000) It measures longitude, lati-
tude and altitude respectively. 
 
5.1.3 GPS/GPRS protocol (used in Chinese device) 
Please refer to appendix C to have a detail description of this protocol. 
 
5.2 The Android application 
5.2.1 Configuration for Android phones 
Before connecting Android phone to Arduino micro-controller, Bluetooth modem 
needs to be configured. In this LogTrack system, BlueSMiRF was used as a Blue-
tooth module for the micro-controller. Specifications of this module are shown 
below [19]: 
• FCC Approved Class 1 Bluetooth Radio Modem 
• Extremely small radio - 0.15x0.6x1.9" 
• Very robust link both in integrity and transmission distance (100m) 
• Low power consumption : 30mA connected, < 10mA sniff mode 
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• Operate in harsh RF environments like WiFi, 802.11g, and Zigbee 
• Encrypted connection 
• Frequency: 2.4~2.524 GHz 
• Operating Voltage: 3.3V-6V 
• Serial communications: 2400-115200bps 
• Operating Temperature: -40 ~ +70C 
• Built-in antenna 
At first, the baud rate of Bluetooth module has to be changed to 57600 baud. 
Normally, the default value will be 115200 baud, but only ArduinoBT board 
works with 115200 baud. Instructions on how to set baud rate for this Bluetooth 
module are described below: [20] 
• Power up the Bluetooth device. 
• Use Bluetooth to connect your device with your laptop: 
o Right click on Bluetooth icon and select “Add a device”. 
o We are using Bluetooth BlueSMiRF module here, so select FireFly 
o Click “Next” and enter pair code. The default one is 1234. 
o Then, open Bluetooth devices, right click on FireFly and select 
Properties. Select “Services” tab, the COM port for this device will 
be displayed. 
• Use a terminal emulator to connect to this COM port. In this project, Ter-
aTerm which is a free software terminal emulator (communication pro-
gram) for MS-Windows has been used. 
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• Remember that to enter the command mode remotely over Bluetooth , we 
need to make connection with the device within “configuration time” after 
power up. This can be modified; the default “configuration time” is 60s. 
• Type “$$$” to enter command mode. You should see “CMD” returned. 
When finishing configuring, make sure that the device is reset or type “---” 
command, which will exit configuration mode and allow data pass normal-
ly. 
• To make sure that you are in command mode, type “D” or “E” and see the 
result. 
• If everything is correct, you should see something as the below picture: 
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• Next, type “SU,<rate>” to change the baud rate. For example, type 
“SU,57600” to set the Bluetooth module to 57600 baud. You can type “D” 
to check if the baud rate changes or not.  
• Finally, type “---” to exit the configuration mode. More information about 
AT command set of this Bluetooth device can be found on [20]. 
Then, this Bluetooth device needs to be paired with the Android phone. The de-
fault PIN code is 1234. 
Now you can try to connect to this Bluetooth module. If everything is correct, 
“Connect” LED on Bluetooth board will turn on and the Android phone will be 
ready to receive data from micro-controller. 
In addition, the Android phone also has to be configured. The Android application 
was written on Android 2.1 operating system, so the software should be installed 
on an Android 2.1 phone which supports GPS sensor and accelerometer sensor. 
The configuration screen is shown in figure 16. 
 
Figure 16. Android emulator’s screen. 
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Description of fields in this screen: 
• Device Id: the identification of device, which is unique for each device  
• IP address: IP address of server 
• Port number: port number which is used in server (default is 9090) 
• Interval time: the android application will send data to server periodically 
• Max Temp: maximum value of temperature (in degree Celsius) 
• Min Temp: minimum value of temperature (in degree Celsius) 
• Max Accel: maximum value of acceleration (in m/s2) 
• Min Accel: minimum value of acceleration (in m/s2) 
• Max Humi: maximum value of humidity (in %) 
• Min Humi: minimum value of humidity (in %) 
5.2.2 Implementation of the Android application 
The Android platform uses a hierarchy of View and ViewGroup nodes to define 
user interface of an Activity, as shown in the figure 17: 
 
Figure 17. View and ViewGroup hierarchy in Android platform [21]. 
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The Activity class must call the setContentView() method in OnCreate() method 
in order to attach the view hierarchy tree to the screen for rendering: 
“setContentView(R.layout.main)” 
Each Android application has its own layout. There are many pre-defined view 
groups (called layouts) offered by Android, including LinearLayout, RelativeLay-
out, TableLayout, GridLayout and others. Our own layout can be defined in a va-
riety of ways. The most common way to define a layout is using an XML layout 
file to express the view hierarchy as it has been done in this Android application 
with TableLayout. 
After creating the UI (user interface) for the Android application, OnClickListener 
events are attached to “Start” and “Stop” button. When these events are triggered 
by user’s action, they will call startService() and stopService() methods respec-
tively.  
In order to send GPS data to the central station periodically, Timer class was used. 
This Timer class was used to schedule jobs for execution in a background process. 
In other words, a single thread was used for the scheduling and this thread has the 
option of being a daemon thread. The Timer and its association thread can be 
stopped or terminated by calling cancel() method. Tasks for repeated fixed-delay 
execution after a specific delay can be scheduled by calling schedule (TimerTask 
task, long delay, long period) method. 
The diagram below illustrates the class diagram for MyService class (figure 18): 
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Figure 18. Class diagram of MyService class. 
5.2.3 Implementation of Arduino application 
The BlueSMiRF module attached with Arduino provides Bluetooth communica-
tion with computers, phones and other Bluetooth devices. This module is connect-
ed to Arduino via serial (shared with the RX and TX pins on the board). It is con-
figured for 57600 baud communication. The output of temperature sensor is con-
nected to analog input pin 5, 4 of micro-controller and the output of humidity sen-
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sor is connected to analog input pin 3. The diagram below illustrates the schemat-
ic of this micro-controller (figure 19): 
 
Figure 19. Schematic of Arduino micro-controller. 
In default, the Arduino will send data including temperature and humidity to An-
droid phone every 10 seconds. In other to receive this information, MyService 
class must register a BroadcastReceiver to be run in the main activity thread. The 
receiver will be called with any broadcast Intent that matches filter, in the main 
application thread. Following is the code which is used to register Ardu-
inoReceiver class: 
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5.3 The client 
5.3.1 Configuration for the client 
This application is running on Windows PC with full internet connection. Google 
earth Plug-in must be installed on this computer. This application is more compat-
ible with Windows 7, yet it can run on any kinds of Windows operating system. 
The application was written in WPF language, so .NET framework 3.5 or later 
need to be installed. The source code can be edited by Visual Studio or Visual C# 
Express Edition. 
MySQL database has been used in this system. This is a popular open source da-
tabase and is supported by a large community and enthusiasts. The port number 
(3306) need to be reserved for this database. Server and client are connected to 
database by NHibernate. NHibernate is a port of Hibernate Core for Java to the 
.NET Framework. It handles persisting plain .NET objects to and from an under-
lying relational database. Given an XML description of your entities and relation-
ships, NHibernate automatically generates SQL for loading and storing the ob-
jects. Optionally, you can describe your mapping metadata with attributes in your 
source code [22]. The purpose and advantages of using this framework will be 
explained in detail in next section. The configuration file needs to be changed be-
fore connecting to MySQL database, as shown in figure 20: 
Figure 20. Hibernate configuration file (hibernate.config.xml). 
The structure of this configuration file is described as follows: 
• A XML header 
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• A hibernate configuration namespace declaration 
• A driver class for database: we are using MySQL database 
• A connection string:  
o Database: name of database which we used in MySQL server 
o Data Source: DNS of server or server name or IP address 
o User Id: username which was used to connect to the above database 
o Password: password of the above user 
• A dialect of database 
• A factory class which is used in NHibernate 
5.3.2 General layout of this client 
The diagram below (figure 21) illustrates the general layout of this client: 
 
Figure 21. Layout of the application . 
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The navigation control is on top of the application. It composes of 4 buttons 
which have indicator glass button style. Each of them represents one method for 
finding a specific project. In main control, list of projects is shown on the left side 
and detail information for these projects is shown on the right side. These compo-
nents are displayed in a composite way so that all the components are bound to 
each other by using binding technology in WPF. For instance, when clicking on a 
project on the left side, the information about this project will be displayed auto-
matically on the right side (figure 23). This will improve the application’s effi-
ciency. By simply clicking on “On Earth” button, Google Earth view is activated 
as shown in figure 22.  
 
Figure 22. Google Earth view of the application. 
In this view, the visual information of project and its shipments will be displayed 
on Google Earth in real time. Shipments or packages can be tracked and the envi-
ronmental data recorded in the shipment can be observed in real time in this view. 
The visual display of normal view is shown in figure 23. 
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Figure 23. Normal view of the application. 
 
 
 
5.3.3 Description about components and searching methods 
The diagram below (figure 24) illustrates the class hierarchy of MainWindow 
class, which is the main component of this application. 
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Figure 24. Class hierarchy of components inside the application. 
As previously stated, there are 4 approaches to find a specific project. First of all, 
users can search for a specific project by its name (figure 25).  
MainWindow 
ToolBox 
Control ProjectTopView 
CustomerTopView SiteTopView 
Navigation 
Control 
Notification 
Board 
Notification 
Button 
Project 
Button 
Site 
Button 
Customer 
Button 
Shipment 
Button 
Project Tab 
SiteSubWindow SiteTab 
60 
 
Figure 25. Project view. 
Secondly, a project can also be searched for by its location. This method is written 
in SiteTopView class and SiteSubWindow class. In this view, list of all locations 
(from SITES table) are displayed randomly on the screen. To choose one location, 
user simply double-clicks on it (figure 26).  
 
61 
Figure 26. Site view. 
Next, the project can be searched by its customer. A list of customers (from 
CUSTOMERS table) with first name, last name, location, phone number, email 
etc is displayed in this customer view (figure 27). Choosing one customer will 
give us a list of projects and their information. This is a composite component and 
written in CustomerTopView class.  
 
Figure 27. Customer view. 
Finally, we can search for a specific project by its shipments. The Google Earth 
plug-in was implemented and embedded into this shipment view to improve the 
application’s interactivity (figure 28). A list of all shipments (from SHIPMENTS 
table) is shown on the left side and a web browser component which stores the 
Google Earth plug-in is shown on the right side. Double-clicking on one shipment 
will navigate us to its location on Google Earth. More information about the im-
plementation of these views and components can be found on the Annex A. 
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Figure 28. Shipment view. 
The following diagram illustrates the use case diagram for this application (figure 
29): 
 
Figure 29. Use case diagram for this application. 
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5.3.4 Communication between Google Earth and .NET framework 
KML class is used to display geographic data in Google Earth. More information 
about this KML class and how to use it can be found on appendix D. 
The class diagram of this KML class is shown in figure 30. 
 
Figure 30. Class diagram of this KML class . 
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6 PROBLEMS ENCOUNTERED 
This chapter will describe the problems this project encounters and the approaches 
used to tackle these problems. 
6.1 Battery life problem 
It is obvious that most of GPS/GPRS devices have battery problem because they 
drain energy very fast. This will cause serious problems in our tracking purpose 
due to the fact that we need to trace them in such a long period of time, approxi-
mately 2 weeks. So, what will happen when the package is in the middle of the 
sea and our device is out of battery? Of course, we can get the GPS location of 
shipments through AIS systems. But when it is on land, we will lose its signal. As 
a result, we cannot manage and maintain them. This can lead to some severe cases 
which are in threat of cancellation because of delayed packages or lost packages. 
There are some possible solutions which can be used to extend the battery life for 
GPS devices. 
Firstly, an external battery can be used. Normally, an internal battery whose ca-
pacity is 1350mAh is integrated into Android phones. For the typical usage 
(42mA average), it can last up to 32 hours. We can integrate this internal battery 
with an external one to extend the battery life for our Android phones. The illus-
tration of external battery which was used in this application is shown in figure 
31: 
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Figure 31. Lead-acid battery 6V 12Ah. 
With this 6V 12Ah battery, it can extend the battery life up to 12 days (for the typ-
ical usage, 42mA average). This sounds very promising because at least it meets 
our minimum requirements. 
Secondly, we can extend the battery life for these tracking devices by optimizing 
the programming code.  
Firstly, as is has been mentioned in chapter 4.2, these Android phone use cellular 
network to send data to central station. It would cost more energy when the device 
lost internet connection and tried to find an available network. Therefore, it would 
be better if GPS data are only sent when 3G or EDGE is connected: 
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Another issue which must be taken into account is the usage of GPS sensor. It 
takes almost 25 seconds to retrieve a location by using GPS sensor, but it takes 
only 2 seconds when using network: 
o GPS: 25 seconds * 140mA = 1mAh 
o Network: 2 seconds * 180mA = 0.1mAh 
As a consequence, using coarse network location is much cheaper. In addition lo-
cation updates can continue after onPause(), so it must be unregistered when not 
in use, especially when the device is at sea and cellular network is not available. 
[23] 
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7 DISCUSSION AND CONCLUSION 
At the end of each project, it is crucial to carry out an assessment of what has 
happened and what has been done during the last four months. Many things have 
occurred during this period of time. This chapter will therefore evaluate both 
achievements and limitations of the system.  
First of all, understanding the system’s restrictions is important. As mentioned in 
chapter 1, due to shortage of time and resources, this project focuses mainly on 
the design and implementation of the basic working system which can be built 
further. So, the first limitation of this LogTrack system is about tracking devices. 
It is limited to Android phones and the Chinese device which I bought from the 
market. In the future, we should build our own tracking device which has the 
same features with the previous ones.  
Furthermore, the whole system has not been tested in the real case. The real case 
mentioned here is mounting the tracking device on the engine which is really 
shipped from Wärtsilä to its customer. This testing procedure must be done in the 
next stage of the project, but not in this stage because it is very complicated. For 
example, informing the customers and the customs about these tracking devices 
should be done before sending them with the pilot. It is also necessary to prepare a 
cost analysis for the shipment. In my case, to test the GPS device, I had to put the 
tracking device on a car and drove it around the city. 
Comparing my starting point and the outcome now, lots of things have certainly 
changed. New tracking devices have been added to the system. New components 
have been created and made to work. The existing system has been extended with 
many new functionalities and features. 
However, there are still several problems/drawbacks in the system. Battery life is 
one. It needs to last at least 2 weeks based on the requirement from Wärtsilä peo-
ple but I did not have enough time to make a testing done although I have pro-
posed some solutions in chapter 6. The main reason for this is partly due to the 
fact that I needed to make a testing plan for the tracking devices and it took a lot 
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of time to wait for the response from Wärtsilä. I contacted them in the beginning 
of the project to get information about requirement and specifications of the pro-
ject and it took almost 4 weeks to receive their response. Another reason is that I 
needed to buy some electronic components from the market during the project and 
it was very time-consuming to ship these components. 
But the good point that the whole system is working properly. The response time 
from the client and the Android phone have been improved a great deal compared 
to the first time when the system was tested. 
In conclusion, a structure of the basic architecture for the tracking and tracing 
network along with the generic technology behind the tracking and tracing net-
work is defined and discussed. Regarding the implementation structure of the 
tracking technology, future research will continue to describe the practical busi-
ness cases in detail and assess the sophistication of the technology applied [4]. 
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 APPENDICES 
Appendix A – LogTrack Database 
The database is a very essential part of the application due to the fact that all data 
that will be used throughout the application are stored here. In this section, I will 
describe structure of the LogTrack database and its tables. 
The database schema is shown in the following figure: 
 
A.1 LogTrack Main Schema 
The diagram below (figure 32) illustrates tables which are available in this sche-
ma: 
  
Figure 32. Table diagram for LogTrack main schema. 
This schema contains tables which are used to store information about projects 
and their related information. This information is integrated with SAP system of 
Wärtsilä. 
Description about tables: 
 Table PROJECTS: store information about projects including name, de-
scription, delivery date, proposed date and status. 
  Table SITES: store information about installations where projects or 
shipments locate, including name, location, coordinate of location. 
 Table SHIPMENTS: store information about shipments or pilots including 
name, MMSI, description, amount of boxes and status. 
 Table BOXES: store information about packages/boxes which are shipped 
by shipments. Normally, they are main engines, generating sets, propeller 
etc. 
 Table CUSTOMERS: store information about customers of Wärtsilä, in-
cluding name, address, country, email and phone number. 
A.2 LogTrack Device Schema 
Table diagram for this schema is described in figure 33 
 
Figure 33. Table diagram for this device schema. 
This schema contains tables which are used for tracking devices. 
Description of tables: 
 Table DEVICES: store information about GPS devices including id, model 
number, IMEI number, location and status. 
  Table CONFIGURATION: store information which is used to configure 
tracking devices, including GPS data, minimum temperature, maximum 
temperature, minimum vibration, maximum vibration, minimum speed, 
maximum speed, interval time and status. 
A.3 LogTrack Data Schema 
The following diagram (figure 34) illustrates tables in LogTrack data schema 
 
Figure 34. Table diagram for LogTrack data schema. 
This schema contains tables which are used to store data from tracking devices. 
Description of tables: 
 Table GPRSDATA: store information which is received from tracking de-
vices, including GPS data, temperature, vibration, speed, batter level, 
heading degree, extra information, time, and data type. 
 Table ALARMS: store error data or warning information from tracking 
devices 
 Table MAPPING_DEVICE_SHIPMENT: this table is used to map devic-
es with shipments. 
 Appendix B – AIVDM protocol 
There are 26 different types of messages which are transmitted by AIS transpond-
ers. These messages specify individual product types. 
AIS message types are primarily classified into 2 classes: class A and class B: 
• Class A – Vessel mounted AIS transceiver (transmit & receive) which op-
erates using SOTDMA. Default transmit rate is from 2 to 10 seconds, depend-
ing on vessel‘s speed or 3 minutes while a vessel is at anchor. AIS Class A 
type compliant devices receive all types of AIS messages. 
• Class B – Vessel mounted AIS transceiver (transmit & receive) which op-
erates using CSTDMA. Class B's can be connected to most display systems 
which the received messages will be displayed in lists or overlaid on charts. 
Default transmit rate is normally every 30 seconds, but this can be varied ac-
cording to vessel speed or instructions from base stations. The Class B type 
standard requires integrated GPS and certain LED indicators. Class B does re-
ceive all types of AIS messages. 
AIVDM sentences are emitted by AIS receivers. These receivers are fitted on ves-
sels or base station. It reports to a computer by USB port or serial port, using 
NMEA 0183 format and physical network standard. 
AIVDM is a two-layer protocol. The outer layer is a variant of NMEA 0183, the 
ancient standard for data interchange in marine navigation systems.  
Following here is the typical AIVDM packet: 
!AIVDM,1,1,,B,177KQJ5000G?tO`K>RA1wUbN0TKH,0*5C 
1st field: (“!AIVDM”) identify this is AIVDM packet. 
2nd field: (“1”) identify the count of fragment of this accumulating message. 
3rd field: (“1”) identify the fragment number of this sentence. 
 4th field: (“”) is a sequential message ID for multi-sentence messages. 
5th field: (“B”) identify radio channel code. 
6th field: (“177KQJ5000G?tO`K>RA1wUbN0TKH”) is the data payload. 
7th field: (“0*5C”) is the checksum for this sentence. 
The data payload is an ASCII-encoded bit vector. Each character represents six 
bits of data. The first six bits identifies the message type of packet (in this exam-
ple, it is 1=000001=1 in decimal). So, firstly, we need to convert this data into bi-
nary string. Then, based on each type of message we will have the following ta-
bles. 
We focus mainly on message type 1, 2, 3 (class A), 4 (base station report) and 18 
(class B) of AIS message types. The others are unusual or rare; even many AIS 
transmitters never emit them.  
Type 1, 2 and 3 (Position Report Class A): These message types are highly popu-
lar to decoding software. It is broadcast every 2 to 10 seconds, total of 168 bits, 
occupying in one AIVDM sentence. 
 
Field Len Description Member Units 
0-5 6 Message type type Unsigned integer: 1-3 
8-37 30 MMSI mmsi Unsigned integer: 9 digits 
50-59 10 Speed Over Ground Speed Unsigned integer (1) 
61-88 28 Longitude lon Minutes/10000 (2) 
89-115 27 Latitude lat Minutes/10000 (3) 
 116-127 12 Course Over Ground course Relative to true north, to 
0.1 degree precision (4) 
128-136 9 True heading heading 0 to 359 degrees 
137-142 6 Time stamp second Second of UTC timestamp 
(5) 
 
Type 4 (Base station report): periodically report its position and time reference to 
station, total of 168 bits, occupying one AIVDM sentence. 
Field Len Description Member Unit 
0-5 6 Message type type Unsigned integer: 4 
8-37 30 MMSI mmsi Unsigned integer: 9 
38-51 14 Year year UTC, 1-999, 0 = N/A 
52-55 4 Month month 1-12; 0 = N/A 
56-60 5 Day day 1-31; 0 = N/A 
61-65 5 Hour hour 0-23; 24 = N/A 
66-71 6 Minute minute 0-59, 60 = N/A 
72-77 6 Second second 0-59, 60 = N/A 
79-106 28 Longitude lon (see above) 
 107-133 27 Latitude lat (see above) 
 
Type 18 (Standard Class B CS Position Report): A position report which is used 
by Class B transmitters, total 168 bits, occupying in one AIVDM sentence. Fields 
are encoded as in common navigation block. 
Fields Len Description Member Unit 
0-5 6 Message type type Unsigned integer: 18 
8-37 30 MMSI mmsi Unsigned integer: 9 digits 
46-55 10 Speed Over Ground speed (See above) 
57-84 28 Longitude lon (See above) 
85-111 27 Latitude lat (See above) 
112-123 12 Course Over Ground course (See above) 
124-132 9 True heading heading 0 to 359 degrees, 511 = 
N/A 
133-138 6 Time stamp second Second of UTC timestamp 
 
(1) Speed over ground is in 0.1 –knot resolution from 0 to 102 knots. Value 
1023 indicates speed is not available. 
(2) Longitude is given in 1/10000 min; divide by 600000.0 to obtain degrees. 
Value 181 indicates that longitude is not available and is the default. 
 (3)  Latitude is given in 1/10000 min; divide by 600000.0 to obtain degrees. 
Value 91 indicates latitude is not available and is the default. 
(4) Course over ground will be 3600 if this data is not available. 
(5) Seconds in UTC timestamp should be 0-59, except for these special val-
ues: 
• 60: timestamp is not available 
• 61: positioning system is in manual input mode 
• 62: electronic position fixing system operates is estimated mode 
• 63: the positioning system is inoperative 
 Appendix C – Data Format for Chinese device 
C.1 GPRS Data Format 
#STA:xxxxxxxxxx,ccc;TM:10/08/2008,08:15,V:xxxx;A1:nnnnn;A2:zzzzz;K:yyy
yy,SD:sssss,y;TH:abcdefg;%NMEA% 
Command:  PWD:1234,STATUS% 
Reply Message: 
#  Start Character 
Header  STA Normal Message 
  STD Historical Data 
  STR Over speed Alarm Message 
  STF Position Lock Alarm Message 
  STI Fence In Alarm Message 
  STO Fence Out Alarm Message 
  STP Power Source Low Level Alarm Message 
  STM Analog Input Channel 2 Triggered Message 
  STN Analog Input Channel 1 Triggered Message 
xxxxxx,ccc Station ID (10 digits), Hardware version (3 digits) 
TM:  Date Time 
V:  Power Source Voltage Level 
A1:  nnnnn Analog Channel 1 e.g. A1:34.52 
A2:  zzzzz Analog Channel 2 e.g. A2:8.294 
K:  yyyyy 1st ~ 4th digits:  4 alarm inputs, 0: open, 1: close 
   5th digit: panic button, 0: open, 1: close 
SD:  sssss current speed y 0: mile per hour 
      1: km per hour 
      2: nautical mile per hour 
TH:  Alarm Enable/Disable Status 
  a Fence In Alarm 1: enable 0: disable 
  b Fence Out Alarm 1: enable 0: disable 
  c Alarm Input  1: enable 0: disable 
  d Position Lock Alarm 1: enable 0: disable 
   e Idle Time Alarm 1: enable 0: disable 
  f Analog Input 1 Alarm 1: enable 0: disable 
  g Analog Input 2 Alarm 1: enable 0: disable 
#  End Character 
%  NMEA Start Character 
NMEA: Global Position System Protocol Message 
%  End Character 
 
C.2 NMEA Data Format 
The National Marine Electronics Association (NMEA) has developed a specifica-
tion that defines the interface between various pieces of marine electronic equip-
ment. The standard permits marine electronics to send information to computers 
and to other marine equipment. GPS receiver communication is defined within 
this specification. Most computer programs that provide real time position infor-
mation understand and expect data to be in NMEA format. This data includes the 
complete PVT (position, velocity, time) solution computed by the GPS receiver. 
The idea of NMEA is to send a line of data called a sentence that is totally self-
contained and independent from other sentences [24]. 
There are many sentences in the NMEA standard for all kinds of devices that may 
be used in a Marine environment. This Chinese device used GPRMC (recom-
mended minimum data for GPS) and GPVTG (Vector track an Speed over the 
Ground) as standard NMEA protocols when sending out message. 
First of all, we will take a look into the first NMEA protocol: GPRMC 
RMC - NMEA has its own version of essential gps pvt (position, velocity, time) 
data. It is called RMC, The Recommended Minimum, which will look similar to: 
$GPRMC,123519,A,4807.038,N,01131.000,E,022.4,084.4,230394,003.1,W*6A 
Where: 
     RMC           Recommended Minimum sentence C 
      123519        Fix taken at 12:35:19 UTC 
     A             Status A=active or V=Void. 
     4807.038,N    Latitude 48 deg 07.038' N 
     01131.000,E   Longitude 11 deg 31.000' E 
     022.4         Speed over the ground in knots 
     084.4         Track angle in degrees True 
     230394        Date - 23rd of March 1994 
     003.1,W       Magnetic Variation 
     *6A           The checksum data, always begins with * 
It is essential to know how to calculate Google Map coordinates from NMEA 
format. Following here is the simple instruction how to calculate this. 
NMEA format LA:3324.4382,N 
At first, we need to change this NMEA format into Degree-Minute-Second 
(D0M’S”) format: 
3324.4382  = 330 + 24.4382’ = 330 + 24’ + (60 * 0.4382)” 
  = 330 + 24’ + 26.292” 
Secondly, from this format, we change it into Decimal Degree format (Google 
Map format): 
33024’26.29” = 33 + 24/60 + 26.29/(60*60) 
  = 33.40730277777 
The final result (in double format) is LA:33.407303,N 
 
 Then, let take a look on GPVTG protocol: 
VTG - Velocity made good. The gps receiver may use the LC prefix instead of 
GP if it is emulating Loran output. 
  $GPVTG,054.7,T,034.4,M,005.5,N,010.2,K*48 
Where: 
        VTG           Track made good and ground speed 
        054.7,T       True track made good (degrees) 
        034.4,M       Magnetic track made good 
        005.5,N       Ground speed, knots 
        010.2,K       Ground speed, Kilometers per hour 
        *48          Checksum 
Heading degree: 054.70 
 
 
 Appendix D - A description about KML class 
Keyhole Markup Language (KML) is an open standard officially named the 
OpenGIS® KML Encoding Standard (OGC KML) [25]. It is an international 
standard language for expressing geographic annotation and visualization on mo-
bile maps and earth browsers [26]. It was developed by Google and maintained by 
Open Geospatial Consortium (OGC). It is a XML language concentrated on geo-
graphic visualization, including annotation of maps and images. In other words, it 
includes not only the presentation of graphical data but also the control of user’s 
navigation in the sense of where to go, where to look and how to look. In this part, 
I will give some descriptions of the structure and specification of this standard and 
how to use it in LogTrack system. 
KML is a XML language used in displaying geographical data on mobile maps 
and earth browser such as Google Map and Google Earth. It uses a tag-based 
structure with nested attributes and elements. Figure 35 shows the class tree of 
KML elements: 
  
Figure 35. Class tree of KML elements [26]. 
The simplest KML document can be created directly by Google Earth. A sample 
of this basic KML document is shown in figure 36. 
  
Figure 36. A sample of basic KML document. [26] 
The structure of this XML document is described as follows: 
• An XML header 
• A KML namespace declaration 
• A Placemark object which contains following elements: 
o Name: name of place mark. 
o Description: a description of place mark which will appear in the “bal-
loon” attached to the Placemark. 
o Point: specifies the coordinate of place mark on Earth’s surface (in-
cluding longitude, latitude and optional altitude). 
It is easy to attach HTML elements in this KML document by using CDATA ele-
ment (figure 37):  
 
  
Figure 37. An example of how to use descriptive HTML in Placemark. [26] 
It is one of the most benefits of KML language. It helps to display geographic vis-
ualization on Google Earth more efficiently. 
In advanced KML documents, it is possible to define styles for geometry. Style is 
an important part of KML document in the sense of how data is displayed. An ex-
ample of style is shown below: 
  
Here is the visualization on Google Earth: 
  
Google Earth Plug-in provides methods for importing KML documents into 
Google Earth by using Web Browser object and javascript. Here is an example of 
how to use those methods (written in JavaScript): 
  
 
